Strengths and limitations of this study
► This is a study on hidradenitis suppurativa (HS), a debilitating disease that causes substantial morbidity and quality-of-life impairment and for which there is low awareness. ► A large data set of US administrative claims data from both Commercial/Medicare and Medicaid were used to retrospectively examine prevalence, demographic/clinical characteristics, comorbidity burden, treatment patterns and disparities, healthcare resource utilisation and expenditures of patients with HS in the real-world. ► This study employed rigorous inclusion criteria, including a requirement for ≥3 non-diagnostic outpatient or inpatient claims with a diagnosis code for HS, which conferred a higher positive predictive value for HS. ► Limitations include ascertainment, detection and misclassification bias; coding inaccuracies; and generalisability to patients with other/without insurance. ► Our study can be further used as a basis to understand the extent to which comorbidities contribute to the economic burden in patients with HS and health disparities that may exist across populations.
AbStrACt
Objectives Hidradenitis suppurativa (HS) causes substantial morbidity and quality-of-life impairment. We examined demographic/clinical characteristics of patients with HS and treatment patterns, prevalence and healthcare resource utilisation/expenditures related to HS in the realworld.
Design Retrospective claims data of MarketScan Commercial, Medicare Supplemental and Medicaid databases (2009) (2010) (2011) (2012) (2013) (2014) .
Setting USA.
Participants Patients aged ≥12 years with ≥3 nondiagnostic outpatient or inpatient claims with an HS diagnosis code and ≥12 months continuous enrolment with medical and pharmacy benefits before (preindex) and after (postindex) the earliest diagnosis of HS (index) were included. results There were 11 325 Commercial/Medicare patients (mean age 37.4 years) and 5164 Medicaid patients (mean age 28.3 years). HS was more common in Medicaid than Commercial/Medicare patients (0.301% and 0.098%, respectively, in 2014). Cellulitis and psychiatric disorders were the most common comorbidities and oral antibiotics and narcotics were the most frequently prescribed drugs preindex, with ≥10% increase postindex in both populations. HS-related inpatient costs decreased while outpatient costs increased from preindex to postindex. Medicaid patients had several risk factors that may be associated with poor outcomes (eg, high rates of prescription pain medication use, comorbidities, drug discontinuation/interruption/holiday, emergency department (ED) visits and hospitalisation).
Conclusions Commercial/Medicare and Medicaid HS beneficiaries experience high comorbidity burden but use different treatment modalities to manage HS. Results suggest a substantial unmet need exists among this patient population, with Medicaid patients experiencing a particularly high burden of disease and expensive healthcare resource utilisation.
IntrODuCtIOn
Hidradenitis suppurativa (HS) is a chronic, recurring, inflammatory disease of the skin and soft tissue characterised by deep-seated nodules, sinus tracts and abscesses leading to fibrosis in the axillary, inguinal, breast-fold and anogenital regions. 1 2 It is associated with substantial pain and comorbidities, including metabolic, psychiatric and autoimmune disorders, as well as an increased risk of skin cancer. 1 3-5 Worldwide, reported prevalence rates of HS vary from <1% 3 6-10 to 4% 11 of the population. However, the true prevalence has been difficult to ascertain because HS is likely to be underdiagnosed, and epidemiological estimates vary with study design, population and geographic location. 12 Although the National Institutes of Health does not classify it as a rare disease, 13 experts generally consider the prevalence to be <1% of the US population. 6 7 Current treatment for HS consists of topical and/or systemic antibiotics, hormonal interventions, analgesics and, in selected cases, immunosuppressants such as the tumour Open access necrosis factor (TNF) inhibitor monoclonal antibody adalimumab, and surgical excision. [14] [15] [16] However, symptom control and lesion resolution are inconsistent and often inadequate, which may lead to increased healthcare costs. Recent studies have shown that patients with HS utilised healthcare in high-cost settings (eg, emergency department (ED) and inpatient care) more frequently than patients with other chronic inflammatory skin conditions. 17 18 Previous analyses of claims data across various disease states have shown that substantial differences may exist between Medicaid (state level public assistance programme) and commercially insured populations in terms of epidemiology, patient characteristics, disease management and economic burden. [19] [20] [21] [22] As an example, compared with commercially insured patients, one analysis demonstrated that Medicaid patients with multiple sclerosis were younger, more likely to have comorbidities (eg, hypertension, diabetes) and less likely to receive disease-modifying therapies. 20 In addition, the Medicaid population incurred substantially higher costs, associated with more frequent visits to the ED and a greater proportion of patients requiring one or more inpatient hospitalisations. Such discrepancies, which may be related in part to poorer access to expert care and therapies for Medicaid patients, are critical to identify because they could adversely impact clinical outcomes. The current administrative claims database analysis aims to increase our understanding of HS and specifically characterises the prevalence of this disease and the demographic/clinical characteristics, comorbidities, treatment patterns, healthcare resource utilisation and expenditures of Commercial and Medicare (federal programme designed to cover people older than 65 years in the USA) payors contrasted with Medicaid HS patients in the USA. The objective of our analysis was to provide a 'baseline' assessment of the HS treatment landscape before the US Food and Drug Administration (FDA) approval of biologics as a treatment option for HS.
MAterIAlS AnD MethODS Study design and population
This was a retrospective, observational administrative claims data study. The earliest of three confirmed diagnoses of HS served as the index date, and claims were evaluated during the 12-month period before the index date (preindex period) and the 12-month period after the index date (postindex period).
Patients ≥12 years of age on the index date with ≥3 non-diagnostic outpatient or inpatient medical claims, 23 which included a diagnosis code for HS (International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) 705.83) in any position between 1 January 2008 and 31 December 2014, were included in the analysis. Non-diagnostic claims are those that are not potentially associated with a diagnostic workup used to rule out the presence of a condition, such as claims for laboratory tests. The rationale for requiring ≥3 non-diagnostic claims with a diagnosis code for HS is that it yields a higher positive predictive value and greater assurance in the quality of the data set. 23 At least 12 months of continuous enrolment with medical and pharmacy benefits during both the preindex and postindex periods were required for inclusion in the analysis.
Data sources and measurements
Administrative claims data from the IBM Watson Health MarketScan Commercial Claims and Encounters (Commercial), Medicare Supplemental (Medicare) and Multi-State Medicaid (Medicaid) databases were analysed. The Commercial and Medicare databases contain inpatient and outpatient medical and outpatient prescription drug information of employees and their dependents with employer-sponsored primary insurance and retirees with insurance paid by employers, respectively. Both the Medicare-paid and employer-paid portions of payment are included in the Medicare database. The Medicaid database contains records of inpatient and outpatient services, inpatient admissions and prescription drug claims for Medicaid beneficiaries from several geographically dispersed states.
Study variables
Patient demographic variables were obtained on the index date. A count of all unique 3-digit ICD-9-CM diagnosis codes and HS-related comorbidities were obtained for the preindex period. A binary flag variable was created for HS-related comorbid conditions (see online supplemental material for a full list of conditions). Patients were identified as having the condition if they had ≥1 medical claim with an ICD-9-CM or ICD, 10th Revision, Clinical Modification (ICD-10-CM) diagnosis code for the condition.
Predefined pharmacological and surgical/interventional treatments and the proportion of patients who discontinued their initial non-biological treatment (defined as no refill of the medication within 45 days after the previous days' supply was exhausted) were evaluated. Concurrent medication use was also reported, defined as the proportion of patients on medication for >1 therapy class. Treatments were identified by the presence of a claim with a National Drug Code or Healthcare Common Procedure Coding System code and reported per patient in both the preindex and postindex periods (see online supplemental material for a full list of treatments). Claims with a procedure code for surgeries (laser, draining or incision and excision) during the preindex and postindex periods were captured and the number of patients with a claim for each treatment was reported separately.
HS-related healthcare costs were identified by the presence of an HS diagnosis (ICD-9-CM 705.83 or ICD-10-CM L73.2); a diagnosis of cellulitis, boils, fistula or abscesses; or an HS-related procedure on the claim. Costs (US$2015) were measured in the preindex and postindex periods. Total healthcare, inpatient, outpatient (eg, ED, physician office, laboratory, pathology, imaging/ radiology, outpatient surgery and other outpatient claims), total outpatient pharmacy and biological TNF inhibitor and non-biological pharmacy costs were evaluated. For inpatient hospitalisations, HS must have been coded in the primary position or in a secondary position in conjunction with a primary diagnosis code for cellulitis, boils, fistula or abscesses.
Patient and public involvement
The data source for this study is a retrospective claims database, and all patients were deidentified. Thus, patients in the study population were not involved in the study design and were not informed of any study results.
No new data were collected nor new patients recruited.
Statistical analyses
All variables were analysed separately for Commercial/ Medicare and Medicaid patients. Descriptive analyses were conducted on all study variables. Categorical variables were presented as the count and percentage of patients in each category. Continuous variables were summarised as mean, SD and median.
Prevalence was defined by the presence of patients with ≥1 diagnosis of HS; patients could be counted in multiple years. Prevalence was reported for each individual year during the study period and was calculated as follows: (total cases of HS in reported year/total number of people in reported year), where the denominator represented any patient aged ≥12 years with ≥1 year of continuous enrolment with medical and pharmacy benefits during the study period. The prevalence includes both existing and newly diagnosed patients with HS in the reported year.
reSultS Patient demographics and clinical characteristics A total of 11 325 patients from the Commercial/Medicare database and 5164 patients from the Medicaid database met the selection criteria and were included in the analysis (figure 1). The mean (SD) age of patients was 37.4 (15.1) years and 28.3 (12. 3) years in the Commercial/Medicare and Medicaid cohorts, respectively. As shown in table 1, the majority of patients were female (Commercial/Medicare: 76.4%; Medicaid: 85.9%) and more than half in the Medicaid cohort were black (54.8%).
The most common comorbidities in both cohorts during the preindex and postindex periods were cellulitis and psychiatric disorders (table 2). In the preindex period, cellulitis was observed in 34.1% of Commercial/ Medicare patients and 47.0% of Medicaid patients, and psychiatric disorders were noted in 24.3% and 52.2%, respectively. Cardiovascular/metabolic disorders were also common in both Commercial/Medicare and Medicaid patients: hypertension (22.5% and 23.9%), dyslipidemia (14.7% and 13.0%), diabetes mellitus type 2 (12.3% and 13.9%) and obesity (10.7% and 24.1%), respectively. 3) . Biological TNF inhibitors were prescribed in 1.9% of patients in the Commercial/Medicare database and 0.8% of patients in the Medicaid database during the preindex period, and increased to 2.7% and 1.0%, respectively, after HS diagnosis (table 3) .
Open access
Overall, 1.2% of Commercial/Medicare and 0.4% of Medicaid patients with HS did not receive any pharmacological treatment during the preindex and postindex periods. The most common surgical/interventional treatment was draining or incision surgery, rates of which increased from preindex (Commercial/Medicare: 16.1%; Medicaid: 21.8%) to postindex (Commercial/ Medicare: 23.9%; Medicaid: 31.5%). The proportions of patients treated with excision surgery were low preindex (Commercial/Medicare: 1.1%; Medicaid: 0.9%) but rose substantially during postindex (Commercial/Medicare: 19.9%; Medicaid: 21.4%). In both the preindex and postindex periods, ≤5% of patients were treated with laser surgery.
Prevalence
The estimated annual prevalence of HS in both databases was <1% during the study period (2009-2014) but showed a gradual increase annually (figure 2). Over the 6-year study period, the annual detected prevalence increased from 0.066% to 0.098% in the Commercial/Medicare database and from 0.202% to 0.301% in the Medicaid database.
hS-related healthcare utilisation and costs
During the preindex period, <1% of patients in both cohorts had an HS-related hospitalisation; however, that increased to 4.0% (Commercial/Medicare) and 4.8% (Medicaid) in the postindex period. Utilisation of outpatient services increased from 58.8% to 100% in the Commercial/Medicare cohort and from 65.6% to 99.9% in the Medicaid cohort. With the exception of ED services, the presence of services for outpatient HS-related surgeries, laboratory/pathology, imaging/radiology and outpatient pharmacy more than doubled between the preindex and postindex periods among both cohorts (table 4) .
Total costs of care among HS patients increased from US$1349 to US$4428 (Commercial/Medicare) and US$859 to US$2662 (Medicaid) during the preindex to postindex periods, respectively. Among HS patients with ≥1 service, the average number of inpatient admissions was unchanged between the preindex and postindex periods and inpatient costs decreased. However, the average number of outpatient claims approximately doubled among both cohorts between the preindex and postindex periods: 6.6 to 12.6 among Commercial/Medicare patients and 9.7 to 18.1 among Medicaid patients. In addition, mean (SD) outpatient costs more than doubled between the preindex and postindex periods in both cohorts (from US$1036 (US$3997) and US$616 (US$2280) to US$2515 (US$5799) and US$1356 (US$3029) in the Commercial/Medicare and Medicaid cohorts, respectively), with increases in ED, office, laboratory/pathology and HS-related surgery costs (table 4) . Among patients using healthcare resources, inpatient costs still represented a higher proportion of the economic burden.
DISCuSSIOn
This study used US administrative claims data from both Commercial/Medicare and Medicaid patients with HS. Overall, patients were relatively young, with a female to male ratio of ~3:1, consistent with other analyses. 6 7 18 23 This analysis confirmed the high comorbidity burden of patients with HS reported in previous studies, 4 7 18 24 with cellulitis and psychiatric disorders reported most commonly among all patients and at rates higher than those described in individuals without HS. 25 26 Components of metabolic syndrome were common such as obesity, diabetes, hyperlipidemia and hypertension; anaemia was also common. Further, analysis suggested that the comorbidity burden was more thoroughly documented in the postindex period than the preindex period.
The prevalence of clinically detected HS was low during the 6-year study period (2009-2014) but increased yearly. Prevalence estimates of HS are historically accepted as ~1% 14 and have been reported as high as 4%. 11 However, the prevalence rate from our analysis (<0.31%) and other recent reports suggest a rate substantially <1%. 3 6 9 10 27 28 Reasons for this discrepancy may be related to differences in study design (eg, prospective vs retrospective). The high prevalence rate of 4%, for example, was based on prospective research in a selected sample in which patients were specifically examined for HS signs. 11 Some previous studies focused on small geographic areas or limited populations (eg, hospitalised patients, those attending a specific clinic), 8 11 12 whereas our study and several other recent claims analyses evaluated larger data sets. 3 6 9 10 27 HS may also be substantially undercoded in these large data sets, as it often goes undiagnosed for a decade or more after presentation and may alternatively be coded as abscesses or boils. After antibiotics, non-steroidal anti-inflammatory drugs and prescription pain medications, specifically narcotics, were the two most prescribed classes of drugs in this study, and their use increased from the preindex to postindex periods. Although claims databases cannot capture treatment indications for prescriptions, the high rate of pain medication use is consistent with patient accounts describing HS as a painful disease. 1 2 5 Overall, TNF inhibitors, including adalimumab, were not frequently prescribed (<2% overall) during the study period (2009) (2010) (2011) (2012) (2013) (2014) . Although this is a limitation of the analysis, it is not Open access surprising as the study period was chosen to provide an assessment of the disease burden and cost of HS before biologics became a treatment option for HS. TNF inhibitors did not obtain FDA approval for use in HS until December 2015. 29 Therefore, use of these agents during the preindex and postindex periods could have been used to treat comorbidities for which these therapies had been approved. It is also possible that some patients were prescribed TNF inhibitors off-label during the postindex period, although this was likely minimal because of physician reluctance in prescribing medications off-label and/ or reimbursement challenges. During the study period, cessation of individual treatments was high, as evidenced by the 68.6%-73.8% of patients who discontinued treatment with oral non-biologics. Some of the treatment discontinuation may reflect the underlying fluctuation of HS, which includes exacerbations and remissions and others may reflect prescriptions intended for discrete and limited time periods. However, this treatment pattern could also suggest a lack of efficacy or satisfaction with the prescribed therapies and demonstrate an unmet need in this population.
HS-related inpatient costs decreased between the preindex and postindex periods, whereas outpatient costs increased in both patient cohorts. Once patients were diagnosed with HS, they were likely managed on an outpatient basis, highlighting the importance of timely and accurate diagnosis to decrease the utilisation of highcost resources (ie, ED visits or inpatient admissions).
Comparisons between the Commercial/Medicare and Medicaid populations were descriptive in nature, with no inferential statistics performed to test a particular hypothesis. Although no definitive conclusions could therefore be made based on these comparisons, the two populations do serve as a good proxy for socioeconomic and income level, which are factors likely to influence Open access access to treatment, resource utilisation and expenditures. In the USA, Medicaid provides coverage for some individuals and families who have a lower income level, as well as for those with disabilities. It is worth noting that several differences appeared to exist between Commercial/Medicare and Medicaid patients in our analysis.
Medicaid patients had an annual detected prevalence 3-3.5 times higher than the prevalence of HS in the Commercial/Medicare population. This could possibly be attributed to the Medicaid cohort having a high proportion of black patients (54.8%) as HS has been shown in retrospective analyses to be more common in
Open access blacks compared with whites 30 31 ; race was not captured in our Commercial/Medicare cohort. The proportion of black patients reported in the Medicaid cohort is higher than previous reports from smaller patient populations. 3 9 23 However, another recent database analysis reported that black patients accounted for 47.3% of the total HS population studied, 7 consistent with our findings. Our analysis also showed that Medicaid patients were younger than Commercial/Medicare patients yet had more comorbidities (eg, obesity, psychiatric) and higher rates of prescription pain medication use, ED visits and hospitalisation. As mentioned earlier, the lack of continuous treatment for Medicaid patients may reflect the natural evolution of HS; however, in other cases (eg, inadequate efficacy and/or treatment satisfaction), it could indicate a need for improved management strategies for this at-risk group, which would benefit the patient and reduce burden on the healthcare system. Similar differences between Commercial/Medicare and Medicaid populations have been observed in previous claims analyses of other disease states, [19] [20] [21] [22] increasing the generalisability of our findings. Potential limitations of this study include those inherent to database analyses, which rely on administrative claims subject to coding restrictions and entry errors. Further, undercoding is specifically recognised for HS and obesity, 23 32 both relevant to this analysis and patient population. The analysis was only descriptive in nature, without control groups, and stratification by disease severity was not possible. It would have been interesting to compare findings before versus after the approval of biologics for HS, but 5-year postapproval data are not yet mature enough for analysis. Strengths of our study were that it employed more rigorous inclusion criteria, including a requirement for ≥3 non-diagnostic outpatient or inpatient claims with a diagnosis code for HS, which conferred a higher positive predictive value for HS. 23 Another limitation is that although prescriptions and fill data were captured, claims analyses cannot confirm the proper use of or adherence to medications, both of which could influence subsequent treatment patterns. Further, our findings may not be generalisable to patients with HS with other types of insurance or those without health insurance. Lastly, HS is underdiagnosed and misdiagnosed and, therefore, prevalence may be underreported. Estimates of prevalence were subject to detection bias in this study, because they were reliant on retrospective analysis of secondary data.
This study identified key areas for additional research. For example, the extent to which comorbidities contribute to the economic burden in patients with HS is unknown. In addition, the impact on baseline descriptive analyses in the time period after biological approval (ie, after FDA approval of adalimumab) and with the advent of other FDA-approved medications for HS should be explored.
COnCluSIOnS
This large claims database analysis found a low prevalence of HS in the USA, with high comorbidity burden and outpatient healthcare resource utilisation. Among patients using healthcare resources, outpatient costs increased but inpatient costs still represented a higher proportion of the economic burden. Large proportions of patients with HS discontinue treatments, suggesting a lack of efficacy or satisfaction with medications available during the period evaluated.
